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SIGNAL DRIVER CIRCUIT HAVING 
ADJUSTABLE OUTPUT VOLTAGE FOR A 
HIGH LOGIC LEVEL OUTPUT SIGNAL 

TECHNICAL FIELD 

[0001] The invention relates generally to signal driver cir 
cuitry, and more speci?cally, to signal driver circuits gener 
ating high logic level output signals having a voltage less than 
a supply voltage. 

BACKGROUND OF THE INVENTION 

[0002] Many of today’s electronic systems are portable and 
provide users With mobility and ease of transport. Laptops, 
cellular phones, digital cameras, portable gaming systems, 
handheld GPS receivers, are just a feW examples of portable 
electronic systems.All of these systems have become increas 
ingly lighter and smaller in form factor, While at the same 
time, hoWever, these systems have ever greater performance 
than their predecessors. The increased performance typically 
has come at the expense of greater poWer consumption. Since 
these systems rely on battery poWer, system designers make 
an effort to design systems for loW poWer consumption so that 
the systems can be operated for a greater length of time before 
replacing or recharging the battery. 
[0003] As part of the effort to design loWer poWer electronic 
systems, system designers build these systems utiliZe com 
ponents and circuitry that operate With loWer poWer con 
sumption. An example is to include a memory system that has 
loW poWer consumption since today’s electronic systems 
nearly universally include memory systems for storing data 
that are used during operation. The tradeoff betWeen operat 
ing at loWer poWer While maintaining or improving perfor 
mance is a di?icult one since greater memory capacity or 
improved speed typically come at the cost of additional cir 
cuitry, Which translates into additional poWer consumption. 
As a result, memory system designers are continually looking 
for creative solutions to improve poWer consumption, but at 
the same time, Without compromising performance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1a is schematic draWing of a conventional sig 
nal driver coupled to an output load. FIG. 1b is a signal 
diagram of an example output signal of the conventional 
signal driver of FIG. 1a. 
[0005] FIG. 2a is a schematic draWing of a signal driver 
circuit according to an embodiment of the present invention 
coupled to an output load. FIG. 2b is a signal diagram of an 
example output signal of the signal driver circuit of FIG. 2a. 
[0006] FIG. 3a is a diagram of an equivalent circuit of the 
signal driver circuit of FIG. 211 for an input having a high logic 
level. FIG. 3b is a diagram of an equivalent circuit of the 
signal driver circuit of FIG. 211 for an input signal having a loW 
logic level. 
[0007] FIG. 4 is a block diagram of a bias voltage circuit 
according to an embodiment of the present invention. 
[0008] FIG. 5a is a schematic draWing of a bias voltage 
circuit according to another embodiment of the invention. 
FIG. 5b is a schematic draWing of a voltage supply according 
to an embodiment of the present invention for the bias voltage 
circuit of FIG. 5a. 
[0009] FIG. 6 is a block diagram of a memory system 
according to an embodiment of the invention using the signal 
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driver circuit of FIG. 2a or an signal driver circuit according 
to some other embodiment of the invention. 
[0010] FIG. 7 is a block diagram ofa processor-based sys 
tem using the memory system of FIG. 6 or a memory system 
according to some other embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0011] Certain details are set forth beloW to provide a suf 
?cient understanding of embodiments of the invention. HoW 
ever, it Will be clear to one skilled in the art that embodiments 
of the invention may be practiced Without these particular 
details. Moreover, the particular embodiments of the present 
invention described herein are provided by Way of example 
and should not be used to limit the scope of the invention to 
these particular embodiments. In other instances, Well-knoWn 
circuits, control signals, and timing protocols have not been 
shoWn in detail in order to aviod unnecessarily obsuring the 
invention. 
[0012] FIG. 1a illustrates a conventional signal driver cir 
cuit for driving an output signal Tx having a logic level based 
on the input signal “in.” The signal driver circuit includes a 
complementary metal-oxide semiconductor (“CMOS”) 
inverter 100 coupled betWeen a supply voltage Vcc and 
ground. FIG. 111 further illustrates a capacitor 110, Which 
represents the capacitive load driven by the signal driver 
circuit. In operation, the CMOS inverter 100 drives an output 
signal having a high-logic level in response to a loW-logic 
level in signal and drives an output signal having a loW-logic 
level in response to a hi gh-lo gic level in signal. With reference 
to FIG. 1b, the voltage of the high-logic level is Vcc, that is, 
the supply voltage, and the voltage of the loW-logic level is 
ground (i.e., 0V). As knoWn, dynamic poWer consumption of 
the CMOS inverter 100 can be calculated using the equation: 

[0013] Where C is the equivalent capacitance for the circuit, 
Vcc is the supply voltage, and f is the sWitching frequency of 
the input signal. As Will be discussed in more detail beloW, 
embodiments of the present invention provide a signal driver 
circuit that has loWer poWer consumption compared to the 
signal driver circuit of FIG. 1a. 
[0014] FIG. 2a illustrates an signal driver circuit 200 
according to an embodiment of the present invention. The 
signal driver circuit 200 includes a ?rst transistor 204 having 
a drain coupled to an output node 208 and a source coupled to 
a reference node, such as ground. The signal driver circuit 200 
further includes and a second transistor 212 having a source 
coupled to the output node 208.An input signal “in” is applied 
to a gate of the ?rst transistor and a complementary input 
signal “inB” is applied to a gate of the second transistor. 
Conventional circuitry and techniques knoWn to those ordi 
narily skilled in the art can be used to generate the comple 
mentary input signal inB. The transistor 204 pulls the output 
node 208 doWn to the reference node (e.g., ground) When 
activated and the transistor 212 pulls up the output node 208 
to a VHigh voltage When activated. The transistors 204 and 
212 function as sWitches to couple and decouple the output 
node 208 according to the in and inB signals.An output signal 
Tx is provided at the output node 208 having a logic level in 
accordance With the logic level of the in (and inB) signal. A 
third transistor 220 included in the signal driver circuit 200 is 
coupled to a supply voltage, such as Vcc, and the drain of the 
second transistor 212.Abias voltageVnct1 is applied to a gate 
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of the transistor 220. The transistor 220 provides a voltage 
controlled impedance circuit controlled by the Vnct1 voltage. 
In the embodiment of the invention illustrated in FIG. 2a, the 
transistors 204, 208, 212 are n-channel transistors, for 
example, n-channel metal-oxide semiconductor (“NMOS”) 
transistors. In other embodiments, the transitors 204, 208, 
212 can be other types of transitors as Well. 

[0015] As Will be described in more detail beloW, the Vnct1 
voltage can be used to control the operation of the transistor 
220 to set the voltage VHigh of a high logic level of the Tx 
signal, and consequently, set the sWing voltage VsW of the 
signal driver circuit 200. That is, output signals generated by 
the signal driver circuit 200 Will have a VsW betWeen VLoW 
and VHigh, as shoWn in FIG. 2b. Where VLoW is ground (i.e., 
0 V), VsW is equal to VHigh. Generally, the VHigh voltage is 
equal to the Vnct1 voltage less the threshold voltage Vtn of 
the third transistor 220. As a result, a VHigh voltage for the 
signal driver circuit 200 can be set by applying a Vnct1 
voltage equal to the sum of VHigh and Vtn. The transistor 
220, by providing a voltage VHigh based on the Vnct1 signal, 
behaves in some embodiments as a voltage controlled voltage 
supply. The capacitor CL 120 shoWn in FIG. 211 as coupled to 
the output node represents a capacitive load, as in FIG. 1, 
driven by the signal driver circuit 200. 
[0016] Setting the VHigh voltage loWer than the Vcc can 
reduce dynamic poWer consumption of signal driver circuitry. 
As previously discussed, the dynamic poWer consumption of 
a conventional CMOS inverter signal driver, such as that 
shoWn in FIG. 1b, can be calculated using the equation: 

[0017] Where C is the equivalent capacitance for the circuit, 
Vcc is the supply voltage, and f is the sWitching frequency of 
the input signal. In contrast, the poWer for the signal driver 
circuit 200 can be calculated using the folloWing equation: 

[0018] Where C is the equivalent capacitance for the circuit, 
Vcc is the supply voltage, VsW is the sWing voltage, and f is 
the sWitching frequency of the input signal. Setting the VHigh 
voltage to less than Vcc reduces the VsW voltage of the signal 
driver circuit 200 compared to the VsW of the signal driver 
circuit 100. That is, in embodiments of the present invention 
Where VsW is less than Vcc (i.e., the sWing voltage for the 
signal driver circuit 100), the poWer consumption of is less 
than the poWer consumption of signal driver circuits, such as 
signal driver circuit 100. Put another Way, 

[0019] In operation, the signal driver circuit 200 generates 
an output signal at the output node 208 in accordance With the 
logic level of the in (and inB) signal. When generating a high 
logic level output signal in response to a loW-logic level in 
signal, the signal driver circuit 200 provides a high logic level 
having a VHigh voltage. 
[0020] FIG. 3a illustrates an equivalent circuit for the signal 
driver circuit 200 in response to receiving an in signal having 
a high logic level (inB is loW). As shoWn, the transistor 204 is 
conductive due to the high in signal and the transistor 212 is 
not conductive due to the loW inB signal. As a result, the 
equivalent circuit is the output node 208 coupled to the ref 
erence node, shoWn in FIG. 211 as ground. Thus, for a high in 
signal, the signal driver circuit 200 generates a loW output 
signal at the output node 208. 
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[0021] FIG. 3b illustrates an equivalent circuit for the signal 
driver circuit 200 in response to receiving an in signal having 
a loW logic level (inB is high). The transistor 204 is not 
conductive due to the loW in signal and the transistor 212 is 
conductive due to the high inB signal. As a result, the equiva 
lent circuit for the signal driver circuit 200 for this condition 
is the output node 208 coupled to the source of the transistor 
220. As previously discussed, the transistor 220 is used to set 
the VHigh voltage (the voltage of a high logic level of the 
output signal) according to the Vnct1 voltage. The VHigh 
voltage, provided at the source of the transistor 220, is 
coupled to the output node 208 in the equivalent circuit. The 
voltage of the resulting output signal is VHigh, Which in the 
case Where Vss is ground, the voltage of the output signal is 
VsW, as shoWn in FIG. 3b. 

[0022] As further shoWn in FIG. 3b, the voltage of the 
output signal for a loW in signal Will generally not exceed 
VHigh because the transistor 220 is no longer conductive 
When the voltage of the output node is greater than VHigh. 
That is, When the voltage of the output node 208 is greater 
thanVHigh, the difference betWeen voltages of the gate of the 
transistor 220 (at Vnct1, Where Vnct1:VHigh+Vtn, as previ 
ously discussed) and its source (at VHigh) is less than Vtn for 
the transistor 220, Which causes the transistor 220 to not be 
conductive. In turn, the output node 208 is decoupled from 
any voltage. When the voltage of the output node 208 
becomes less than VHigh, the transistor 220 becomes con 
ductive because the difference betWeen the gate and source 
voltage exceeds Vtn. As a result the output node 208 is 
coupled to a voltage. 

[0023] For example, Where Vtn is 0.4 V, the desired VHigh 
is 0.4 V, and Vcc>VHigh, the Vnct1 voltage should be 0.8 V. 
Given these conditions, if the output node 208 exceeds 0.4V, 
the gate-source voltage for the transistor 220 becomes less 
than 0.4 V, and the transistor 220 becomes non-conductive 
because the gate-source voltage is less than Vtn. As a result, 
the output node 208 is decoupled from any voltage. When the 
voltage of the output node 208 is at 0.4 V or less, the gate 
source voltage of the transistor 202 exceeds Vtn, and conse 
quently, the transistor 202 is conductive and provides 0.4 V 
(i.e., Vnct1-Vtn) at its source node. The particular values 
have been provided by Way of example, and are not intended 
to limit the scope of the present invention. 

[0024] Setting the VHigh voltage of a high logic level less 
than the full supply voltage, such as Vcc, provides advantages 
in terms of loWer poWer consumption compared to a conven 
tional signal driver circuit providing a high logic level of Vcc, 
as previously discussed. Another advantage to having VHigh 
less than Vcc is generally faster transition times betWeen high 
and loW logic levels because the sWing voltage VsW betWeen 
the high and loW logic levels is less than for transitions to and 
from Vcc. That is, the loWer VHigh level Will generally take 
less time to be reached When transitioning from a loW logic 
level (e.g., ground). 
[0025] FIG. 4 illustrates a bias voltage generator 400 
according to an embodiment of the present invention. The 
bias voltage generator 400 can be used to provide a Vnct1 
voltage to one or more signal driver circuits, such as the signal 
driver circuit 200. The bias voltage generator 400 provides a 
Vnct1 voltage to the transistor 220 (FIG. 2) having a voltage 
equal to (V High+Vtn). Under this condition, the signal driver 
circuit 200 can drive an high-logic level output signal having 
a voltage of VHigh. 
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[0026] FIG. 5a illustrates an embodiment of a bias voltage 
generator 400. The bias voltage generator 400 includes a 
voltage supply 404 and a transistor 408 coupled betWeen a 
bias voltage output 410 and a reference voltage, such as 
ground. The voltage supply 404 provides a constant voltage 
equal to the VHigh voltage. Conventional voltage supplies 
can be used for the voltage supply 404. As shoWn in FIG. 4, 
Where the VLoW voltage is equal to Zero (i.e., ground), the 
voltage supply 404 provides a constant voltage equal to the 
VsW voltage, Which is equal to the VHigh voltage under this 
condition. The transistor 408 is coupled as a diode betWeen 
the bias voltage output 410 and the voltage supply 404 to 
provide a voltage approximately equal to Vtn of the transistor 
of the signal driver circuit to Which the Vnct1 voltage is 
applied. For example, With reference to the signal driver 
circuit 200 (FIG. 2), the transistor 408 is diode-coupled to 
provide a voltage equal to the Vtn of the transistor 220. In 
some embodiments, the transistor 408 has similar transistor 
characteristics as the transistor to Which the Vnct1 voltage is 
applied. As a result, process variations during fabrication of 
the circuits and variations in operating conditions Will be 
accommodated because the transistor characteristics for both 
the transistor 408 and the transistor to Which the Vnct1 volt 
age is applied Will be in?uenced in the same manner. A 
resistive load 412 is coupled betWeen a voltage supply, such 
as Vcc, and the bias voltage output 410. The resistive load 412 
provides a Weak pull-up current path for the bias voltage 
output 410. An optional capacitor 420 can be coupled to the 
bias voltage output 410 for ?ltering noise in the Vcc supply 
voltage or ground. 
[0027] In operation, the bias voltage output 410 is set at the 
Vnct1 voltage by the VHigh/VsW voltage supply 404 and the 
diode coupled transistor 408. As previously discussed, the 
resulting Vnct1 voltage is equal to (V High+Vtn). The resistor 
412, Which generally has a large resistive value, provides a 
suf?cient voltage drop inVcc so that the Vnct1 voltage can be 
output. As previously discussed, the Vnct1 voltage is used to 
set the VHigh voltage of the signal driver circuit. 
[0028] In an alternative embodiment of the bias voltage 
generator, the bias voltage output 410 of the bias voltage 
generator of FIG. 5b can be coupled to a buffering circuit (not 
shoWn), for example, an operational ampli?er coupled as a 
unity gain buffer, to provide a stable Vnct1 voltage having 
greater drive capability. 
[0029] In an embodiment of the invention, the voltage sup 
ply 404 is implemented using a voltage divider circuit. FIG. 
5b illustrates an example of providing a VsW voltage using a 
voltage divider circuit having resistance 430 and resistance 
432 coupled in series betWeen Vcc and ground. As knoWn in 
the art, the ratios of the magnitude of the resistances 430 and 
432 can be selected to provide a desired voltage, such as VsW. 
Although the voltage supply 404 illustrated in FIG. 5b is 
shoWn having only tWo resistances, other embodiments can 
include a greater number of resistances. For example, Where 
Vcc is equal to 1.2 V and the desired VsW is equal to 0.4 V, 
three resistors having the same resistance can be coupled in 
series betWeen Vcc and ground to provide the VsW voltage. 
That is, a VsW voltage of 0.4 V Would be provided at the 
terminal of the resistor coupled to ground. In other embodi 
ments of the invention, the voltage supply 404 is implemented 
by using a conventional bandgap voltage source to provide 
the constant VHigh voltage. As known, a bandgap voltage 
source can provide a constant VHigh voltage even if the 
supply voltage ?uctuates, for example, due to noise. 
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[0030] Other techniques for generating the bias voltage 
Vnct1 can be used in other embodiments, and consequently, 
the invention is not limited to a particular technique for gen 
erating the Vnct1 voltage. 
[0031] FIG. 6 illustrates a portion of a memory system 600 
according to an embodiment of the present invention. The 
memory system 600 includes an array 602 of memory cells, 
Which may be, for example, DRAM memory cells, SRAM 
memory cells, ?ash memory cells, or some other types of 
memory cells. The memory system 600 includes a command 
decoder 606 that receives memory commands through a com 
mand bus 608 and generates corresponding control signals 
Within the memory system 600 to carry out various memory 
operations. RoW and column address signals are applied to 
the memory system 600 through an address bus 620 and 
provided to an address latch 610. The address latch then 
outputs a separate column address and a separate roW address. 

[0032] The roW and column addresses are provided by the 
address latch 610 to a roW address decoder 622 and a column 
address decoder 628, respectively. The column address 
decoder 628 selects bit lines extending through the array 602 
corresponding to respective column addresses. The roW 
address decoder 622 is connected to Word line driver 624 that 
activates respective roWs of memory cells in the array 602 
corresponding to received roW addresses. The selected data 
line (e.g., a bit line or bit lines) corresponding to a received 
column address are coupled to a read/Write circuitry 630 to 
provide read data to a data output buffer 634 via an input 
output data bus 640. Write data are applied to the memory 
array 602 through a data input buffer 644 and the memory 
array read/Write circuitry 630. The command decoder 606 
responds to memory commands applied to the command bus 
608 to perform various operations on the memory array 602. 
In particular, the command decoder 606 is used to generate 
internal control signals to read data from and Write data to the 
memory array 602. 
[0033] Signal driver circuits according to embodiments of 
the present invention are included in the memory system 600. 
In some embodiments of the memory system 600, signal 
driver circuits are con?gured to drive internal or on-chip 
signals from one internal component to another, for example, 
driving the internal control signals from the command 
decoder 606 to other internal components of the memory 
system 600. Other examples include driving internal address 
signals from the address decoders 622, 628, and driving inter 
nal data signals over the input-output bus 640. In other 
embodiments of the memory system 600, signal driver cir 
cuits are con?gured to drive data signals external to the 
memory system 600. For example, the output buffer 634 can 
include signal driver circuits con?gured to drive output data 
signals to circuits external the memory system 600. Signal 
driver circuits may be utiliZed in other applications as Well for 
other embodiments of the invention. 

[0034] FIG. 7 is a block diagram ofa processor-based sys 
tem 700, including computer circuitry 702 that contains the 
memory system 600 of FIG. 6 or a memory system according 
to some other embodiment of the invention. The computer 
circuitry 702 performs various computing functions, such as 
executing speci?c softWare to perform speci?c calculations 
or tasks. In addition, the processor-based system 700 includes 
one or more input devices 704, such as a keyboard, coupled to 
the computer circuitry 702 to alloW an operator to interface 
With the processor-based system. Typically, the processor 
based system 700 also includes one or more output devices 
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706 coupled to the computer circuitry 702, such output 
devices typically being a display device. One or more data 
storage devices 708 are also typically coupled to the computer 
circuitry 702 to store data or retrieve data. Examples of stor 
age devices 708 include hard disks and non-volatile memory. 
The processor-based system 700 also includes a Wireless 
communication link 710 through Which the computer cir 
cuitry can send and receive data through a Wireless medium. 
The computer circuitry 702 is typically coupled to the 
memory system 600 through appropriate address, data, and 
control busses to provide for Writing data to and reading data 
from the memory system 600. 
[0035] From the foregoing it Will be appreciated that, 
although speci?c embodiments of the invention have been 
described herein for purposes of illustration, various modi? 
cations may be made Without deviating from the spirit and 
scope of the invention. Accordingly, the invention is not lim 
ited except as by the appended claims. 

What is claimed is: 
1. An signal driver circuit to generate an output signal at an 

output node having a logic level according to an input signal, 
the signal driver circuit comprising: 

a ?rst sWitch coupled to the output node and a reference 
node, the ?rst sWitch con?gured to electrically couple 
the output node to the reference node in response to the 
input signal having a ?rst logic level and decouple the 
output node from the reference node in response to the 
input signal having a second logic level; 

a second sWitch coupled to the output node and an output 
voltage node, the second sWitch con?gured to electri 
cally couple the output node to the output voltage node 
in response to the input signal having the second logic 
level and decouple the output node from the output volt 
age node in response to the input signal having a ?rst 
logic level; and 

a voltage controlled impedance circuit coupled to the out 
put voltage node and a voltage supply, the voltage con 
trolled impedance con?gured to provide an output volt 
age to the output voltage node in accordance With a bias 
voltage. 

2. The signal driver circuit of claim 1 Wherein the voltage 
controlled impedance circuit comprises a n-channel metal 
oxide semiconductor transistor having a gate coupled to 
receive the bias voltage, a source coupled to the output volt 
age node, and a drain coupled to the voltage supply. 

3. The signal driver circuit of claim 1 Wherein the ?rst and 
second sWitched comprise n-channel metal-oxide semicon 
ductor transistors. 

4. The signal driver circuit of claim 1 Wherein the bias 
voltage comprises a constant voltage equal to the sum of a 
threshold voltage of the voltage controlled impedance circuit 
and a high logic level voltage. 

5. The signal driver circuit of claim 1 Wherein the ?rst 
sWitch comprises a transistor having a gate coupled to receive 
the input signal and the second sWitch comprises a transistor 
having a gate coupled to receive a complement of the input 
signal. 

6. The signal driver circuit of claim 1, further comprising a 
bias voltage generator having an output coupled to the voltage 
controlled impedance circuit and con?gured to provide the 
bias voltage for the voltage controlled impedance circuit. 

7. An signal driver circuit, comprising: 
an signal driver con?gured to provide at an signal driver 
node a ?rst logic level signal having a ?rst voltage or a 
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second logic level signal having a second voltage 
according to an input signal; 

a voltage controlled voltage supply coupled to the signal 
driver and con?gured to provide the ?rst voltage for a 
?rst logic level signal, the voltage controlled voltage 
supply con?gured to provide the ?rst voltage having a 
magnitude according to a bias voltage; and 

a bias voltage generator coupled to the voltage controlled 
voltage supply and con?gured to provide the bias volt 
age to the voltage controlled voltage supply. 

8. The signal driver circuit of claim 7 Wherein the voltage 
controlled voltage supply comprises a metal-oxide semicon 
ductor transistor having a gate to Which the bias voltage 
generator is coupled. 

9. The signal driver circuit of claim 8 Wherein the bias 
voltage is equal to the ?rst voltage and a threshold voltage of 
the metal-oxide semiconductor transistor. 

10. The signal driver circuit of claim 8 Wherein the bias 
voltage generator comprises: 

an output node coupled to the voltage controlled voltage 
supply to provide the bias voltage; 

a voltage supply con?gured to generate a voltage equal to 
the ?rst voltage; 

a diode coupled to the output node and the voltage supply, 
the diode con?gured to provide a voltage across the 
diode equal to a threshold voltage of the metal-oxide 
semiconductor transistor; and 

a pull-up source coupled to the output node and con?gured 
to maintain the bias voltage at the output node. 

11. The signal driver circuit of claim 7 Wherein the signal 
driver comprises: 

a ?rst transistor coupled to a reference node and the signal 
driver node; and 

a second transistor coupled to the signal driver node and the 
voltage controlled voltage supply. 

12. The signal driver circuit of claim 7 Wherein the voltage 
controlled voltage supply is further coupled to a supply volt 
age and comprises a voltage controlled voltage supply con 
?gured to provide the ?rst voltage for the ?rst logic level, the 
?rst voltage less than the supply voltage. 

13. The signal driver circuit of claim 7 Wherein the bias 
voltage generator comprises a voltage divider circuit and a 
diode coupled transistor. 

14. A memory system, comprising: 
an array of memory cells arranged in roWs and columns; 
a command decoder operable to decode received command 

signals and to generate control signals corresponding to 
the command signals; 

a data path coupled to the array of memory cells, the data 
path operable to couple read data from the array of 
memory cells and to couple Write data to the array of 
memory cells; 

a signal driver circuit coupled to the data path to drive an 
output signal on the data path having a logic level 
according to an input signal, the signal driver circuit 
comprising: 
a driver circuit con?gured to provide at a signal driver 

node a ?rst logic level signal having a ?rst voltage or 
a second logic level signal having a second voltage 
according to an input signal; and 

a voltage controlled voltage supply coupled to the driver 
circuit and con?gured to provide the ?rst voltage for a 
?rst logic level signal, the voltage controlled voltage 
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supply con?gured to provide the ?rst voltage having a 
magnitude according to a bias voltage; and 

a bias voltage generator coupled to the voltage controlled 
voltage supply and con?gured to provide the bias volt 
age to the voltage controlled voltage supply. 

15. The memory system of claim 14 Wherein the signal 
driver circuit is con?gured to receive signals and drive signals 
internal to the memory system. 

16. The memory system of claim 14 Wherein the signal 
driver circuit is con?gured to drive signals external to the 
memory system. 

17. The memory system of claim 14 Wherein the voltage 
controlled voltage supply of the signal driver circuit com 
prises a metal-oxide semiconductor transistor having a gate to 
Which the bias voltage generator is coupled. 

18. The memory system of claim 17 Wherein the bias 
voltage is equal to the ?rst voltage and a threshold voltage of 
the metal-oxide semiconductor transistor. 

19. The memory system of claim 17 Wherein the bias 
voltage generator comprises: 

an output node coupled to the voltage controlled voltage 
supply to provide the bias voltage; 

a voltage supply con?gured to generate a voltage equal to 
the ?rst voltage; 

a diode coupled to the output node and the voltage supply, 
the diode con?gured to provide a voltage across the 
diode equal to a threshold voltage of the metal-oxide 
semiconductor transistor; and 

a pull-up source coupled to the output node and con?gured 
to maintain the bias voltage at the output node. 

20. The memory system of claim 14 Wherein the signal 
driver of the signal driver circuit comprises: 

a ?rst transistor coupled to a reference node and the signal 
driver node; and 

a second transistor coupled to the signal driver node and the 
voltage controlled voltage supply. 

21. The memory system of claim 14 Wherein the voltage 
controlled voltage supply of the signal driver circuit is further 
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coupled to a supply voltage and comprises a voltage con 
trolled voltage supply con?gured to provide the ?rst voltage 
for the ?rst logic level, the ?rst voltage less than the supply 
voltage. 

22. The memory system of claim 14 Wherein the bias 
voltage generator comprises a voltage divider circuit and a 
diode coupled transistor. 

23. A method of generating an output signal at an output 
node in accordance to an input signal, comprising: 

coupling the output node to a reference voltage in response 
to the input signal having a ?rst logic level; 

coupling the output node to a high-logic voltage in 
response to the input signal having a second logic level; 
and 

reducing a voltage of a voltage supply in accordance With 
a bias voltage to provide the high-logic voltage. 

24. The method of claim 23 Wherein reducing the voltage 
of a voltage supply in accordance With a bias voltage com 
prises biasing a transistor coupled to the voltage supply With 
the bias voltage. 

25. The method of claim 24 Wherein biasing the transistor 
coupled to the voltage supply With the bias voltage comprises 
biasing the transistor With a bias voltage equal to the sum of 
the high-logic voltage and a threshold voltage of the transis 
tor. 

26. The method of claim 24, further comprising: 
generating a constant voltage equal to the high-logic volt 

age; and 
adding a voltage to the constant voltage, the added voltage 

equal to the voltage across a diode coupled transistor 
having the same transistor characteristics as the transis 
tor coupled to the voltage supply. 

27. The method of claim 23, further comprising coupling a 
voltage divider circuit and a diode coupled transistor to the 
voltage supply to provide the bias voltage. 

* * * * * 


